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Absffact 

Th© Invention relates to an epitope protection assay for use in diagnosis, 
prognosis and therapeutic intervention In diseases involving polypeptid© 
aggregation such as prion infecUons. The methods of the Invention first block 
accessible polypeptide taiset eptope with a protecting agertL After denaturatlon 
of the polyeptwe, a detecting agent Is used to detect protein with target epitope 
that vi/as inacoes^le during oontact with the protecSng agent 
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TITLE; Epitope Protection Assay 

fJieLD OF INVENTION 

The invention relates to an epitope protection assay fbr use in diagnosis, 
prognosis and therapeutio intervention in diseases Involving polypeptide 
aggregation such as prion InfecBons. 

BACKGROUND OF THE INVENTION 

Prion diseases have become a m^or health concern since the oiibreak of 
BSE or "i\dad Cow Disease" (reviewed above, refs 1,2). BSE was first discovered 
in the United Kingdom but has now spread to many other countnes in Europe 
and Japan. In the UK alone there has been close to 180,000 cases of BSE, 
which resulted in the destruction of cattle and possible infscQon of ah estimated 
3^ mflik>n head. The total cost estimated to the UK was In esKoesQ of $2.5 billion. 
BSE is bdlsved to be transmttted among catBe through feed that contains prions 
rendered from Infec^d cattle, and it is ttiought to be transmitted to humans 
through eaOng beef or other cattle producte from Infected animals. 

gmerqina Prion Diseasoa, 

The prion diseases are a group of rapidly progressive and untreatable 
neurodegenerative syndromes» neuropathologically ftfiaraderized by ^origiibnm 
change, neuronal cell loss, gliosis, and brain accumulation of abnormal amyloid 
polypeptide. Human prion diseases include classical Creutzfeldt-Jalcob disease 
(CJD), which has sporadic. Iatrogenic, and familial fbmris. Since 1995, a "new 
variant" of CJD (vCJD} has been identified in the United Kingdom, Prance, tiie 
Republic of Ireland, Hong Kong, Italy,, the United States, and Canada Variant 
CJD is capable of IcIiUns individuals as young as age 14 witti unknown incubation 
parted. There is lltUe doubt that vCJD is a human form of bovine spongiform 
encephalopathy (BSE)^. The primary epidemic from consumption of 
contaminated cattle tissue has aHis<^ over 130 individuals as of this filing. 
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The spectre of vCJD 'seoondary epidenUcs" through blood» blood products, 
smgery, dentistry, vaccines, and cosmetics Is of great concern Detection of 

suggests a speciaUIskextete'^^^ - 
blood pmduds. Canada and the United States have recently expanded vCJD 
blood donor deferrals to all countries to Western Europe. 
Although sheep scrapie has been known for centuries, the most Important anUnal 
prion disease at present is BSE. More than 173,000 oattle, primarily from Britain, 
have dev^ped symptomaHc BSE. and as many as 3 million have entered the 
fbod supply undetected. BSE is now being increasingly reported in cattle which 
were 1»orn after the ban" in 1996 of food supplementation with meat end bone 
meal, suggesting that attemate routes may exist to keep the epidemic from being 
readily extinguished. Another troiA>ling Issue Is the possible transmission of BSE 
to sheep, whrc^ may expose addlHonal human populations to the BSE/VCJD 
pmn strain. A recent rsport showed that prions can replicate iri certain muscle 
groups, Indicating a potential risk in tissues previously considered ssrfSs for human 
consumption. 

Chronic wasting disease (CWD) of captive and wild cervids (deer and elk) 
represents another newly emergent animal prion disease In North America, 
whose impact on human health is yet unknown. It is apparent that newly- 
recognized prion diseases pose a threat to the safety of foods, blood products, 
and medioal-eurglcal tiaatmenls. 

Prions AtVP^^a' Pathoflen?, 

Newly emergent prion diseases, and the potyp^tlde-onty nature of prions, have 
created serious medical, veterinary, and eronomic challenges woridwrfde. To 
date, the only commerdalised tests for prion infection have been based on post- 
mortem brain samples^ No biochemical test esdsts to detect prions In the blood of 
Infected animals, despite detection by experimental transmission studies. The 
development of sensitive and speoiRc diagnostio tests fbr prion Infection Is a 
challenging task, in part due to the unusual nature of the prion Infectious agent 
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The InlidcBous agents that transmit tt)e prion diseases dPer from other pathogens 
In that no nucleic acid component has been detected In Infectious materials ^. 
According to the prion theory devreioped by Nobel Laureate Dr. Stanley Prusiner. 
infeotivity resides In PrP®^ a misfblded confbnnational Isofomi of the near- 
ubiquitous normal cellidar prion polypeptide PrP^. PrP^^ Is Indeed the most 
prominent (or perhaps sole) macromolecule tn preparations of prion InfectivHy, 
and minimalty appears to be a reliable sunogafa -fbr prion infection. PrP^ te 
parflaliy resistant to protease digestion, poorly soluble, and exists in an 
aggregated state. In contrast to the protease 8en8illve» soluble, monomerio 
l30tennPrP°^^°. 

PrP^° b derived flrom ite nomnal cellular teofomn (Pri^^, urfilch is rich In a4iellcal 
structure, by a posttranslationai process Involving a conformational transtticn. 
\WhlIe the primary structure of PrP^ is IdenHoai to that of PrP®', secondary and 
tertiary structural changes are responsible for the distinid physlcoohemlcal 
properlira of the two Isofofms. 

One of the difficulties in assessing the safety of food or blood products f^cm 
potentially infected humans with prions Is the lack of an accurate dtagnosSe test 
far blood or other accessible biosamples. Currently, there are no diagnostic tests 
that can be applied for screening live animals, humans, blood or blood pioducte 
at an early stage. This also provides a further problem In organ transplantation, 
adding unknown risk to organ recipients. Therefore, as a preventative measure, 
countries such as the UK no longer source plasma from its inhabitants. The rl^ 
of spreading prion diseases has aRSaded oBier countries as vrelL For example, 
the United States and Canada do not accept btood donations flrom individuals 
who have redded In the UK or France for more than 6 months. 

Currently, the diagnosis of vCJD can only be confirmed following pathological 
examination of the brain at autopsy or biopsy. Some oomplimentary strategies in 
earty CJD detecUon Include electroencephalograms (EEG), magnetic resonance 
Imaging ^RO scans, and cerebrospinal fluid (CSP) tests, which may be useful 
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"surrogate" or "proxy* markers. The absence of a "direct for prion fnfedion 
stands in startc contrast to conventional Infectious agents, such as viruses and 
Ijacteria. 

Some tests that are In the process of being commerclaiizod are based on 
sunrogate mailcers ctf infection which are "once removed" from dctiml Infectious 
prions. 

PrP protease resistance, the basis of most commefcfaliy available diagnostic 
tests for prion disease. In the current methodologies, a sample of brain is 
removed and digested with protsasesi enzymes that can digest PrP^. but leave a 
protease-reslstant core of Pri^. The prolease-resistant flragment of PrP^ is 
then detected tsr^irm)uaeblotBi3g^(a&'l&^^JP<^^ by capture EUSA (as 

in the BioRad and Enter teste, and In a new test from Prionice). However, 
digeafion wRb protease is cumtmrsome and variable, leading to feisa negatives 
and positives. Moreover, there are some prion strains which are reported to 
contain PrP^® which is infectious and aggregated, but which is not protease 
resistant Protease- sertsMve PrP°^ also predominates earl/ In infection and in 
cross-species transmisi^on of disease \ 

Detection of protease-resfstant PrP liragmente Is also the basis of a urine 
diagnostic test vdilch is being commercially developed by Prlonios. I-Iowever, 
detection of protease-reslstant PrP rn urine is subject to the same limitaticms as 
the post-mortem brain test, and lias the additional disadvantage of requiring 
precipitation from large volumes of urine, and poor eenslfivity (tor sample, only 
detecting PtP^ in late stages of the disease, not pre-symptomatlcaHy). 

SUMMAF^Y OF THE IIWEWTIOM 

The Inventors have recently discovered the epitope protection assay (EPA), a 
novel method ttiat ]^Ids sensitive and specific antemortem detection of prions in 
blood and other accessible tissues and fluids, in prion diseases, the normal 
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Gdlular monomerlc prion polypepOde PrP^ undergoes refolding to an abnormal, 
^gregated isofomi. genaricaliy designated PrP^. 

Acooniing to *e lnvenften» the methods are ireful where a target epitope i$ 
accessible in either one of a disease protein or a wild type protein and 
Inaccessible In the other. 

The invenOon relates to a detedion method comprising: 

reacHng a sample of poiypeptMe with a chemical modi^ing agent typically 
a protecting agent, which modifies exposed epitopes so that th^y rannot 
bind to detection agents; 

disaggregating and/or denaturing the polypeptide In the sample; and 

probing with detection agents, such as antibodies against a target epitope 
to determine whether the polypeptide prior to disaggregation and/or 
denaturing, included Inaooessible target epitopes. 

The result indicates Whether the polypeptide includes inacces«ble epitope, wMch 
vQ Indioafive of the type of polypeptide tiiat is present {i.e. wild typa or dteesM 
proteih). 

In one embodvnent, the prion detection method comprises: 

reacting a sample of polypeptide (the sample typically contains PrP^ 
and/or PrP^, and In many cases an abundance of one or the other) vrith a 
chemical modifying agent, typically a protecting agent suoh as 
percixynltrlfe. which modiffea exposed epitopes so that they cannot t^nd to 
a detection agent; 

disaggregating andfer denaturing the polypeptide in the sample and 
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probing with detection agents, such as an antibody against a target epitope to 
detenmine whether the polypeptide prior to disaggregation and/or denaturingi 
Included Inaccessible target epitopes. 

PrP^ Is rendered Invisible" fn the assay, because epitopes on the monomeric 
moleojiee are blodked to antibody recognition by the chemical modifying agent, 
whereas molecules of PiP^ are "pfoteeted** ftom chemical modfflcation by virtue 
of being sequestered wtthin aggregates. 

In one embodiment, the Alzheimer'a disease detection method comprises: 

reacting a sample of poiypepHde (the sample typically contains all or part 
of diseased amyloid precursor polyp^de or amyloid beta and/or the 
corresponding wild type polypeptide, and in many cases an abundance of 
one or the other) with a chemical modliying agent, ^icaliy a protecflng 
agent such as peroxynltrite, which modiRes e^tposed epitopes so that they 
cannot bind to a detection ag^t; 

disaggregating and/or denaturing the polypeptide fn the sample; and 

probing with detection agents, such as an antibody against a target 
epitope to determine whether the polypeptide prior to disaggregation 
and/or denaturing. Included inaccessible target epitopes. 

The method of the invention has many advantages over codsflng technology. As 
noted above» the Invention Is optionally referred to as '^PA". which in the case of 
prion protein disease detection is a simple. elTident method for detecting 
aggregated PrP®^ the pathogenic molecule which constitutes the infactious 
particle. 

The invention is useful in high4hroughput roboticwrapable platforms. For 
example. EPA Is not d^^endent on PrP protease resistance^ the basis of most 
commercially available diagnostie tests for prion disease. Epitope protection 
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technology doss not require a protease digestion step, which makes it more 
sensitive to early Infection. Certainly, the aljsence of a protease dlgesiion step 
pemdis EPA to be more amenable to hlgh^ttiroudhput robotic platforms. 

The bivention includes a method cfxtetecttn^vkrhetheFa-cafididaie polypeptide 
in<*idlng a targ^ epitope is a disene (disorder) poiypepSde or a wild type 
polypepiide, comprising: 

contacting the candidate polypeptide with a protecting agent and next 
determining whether the taiiget epitope Is inacesslble or accessible to 
chemical modification by the protecting agent The accessibility or 
inaccessibility of the target epitope Is indicative of whether the candhlate 
polypeptide is a disease (disorder) polypeptide or a WUd type pdyp^de 
because In one of the disease (disorder) protein and the wild type protein, 
the target epitope is accessible. In the other polypeptide the target 
epitope is inaccessible. 

In one embodiment, the Invention includes a method of detecting whetiiw a 
candidate polypeptide including a target epitope is in a wildtype conformation or a 
non^ldtype confomiation, comprising: 

accessible target epitope, wherein in one or vie non-wiiuLy|je uMHiwinnaiu^.- • 
or tine wildtype oontormation, the target epitope Is acoessble and reacds 
with the protecting e^ent, and wherein In the oU^r confomnation, ttie tenget 
epitqse Is Inaccessible and does not react witti the pre»tecUng agent; 

removing unreacted protecting agent from contact witti tiie polypeptide: 

nesct modifying ttie candidate polypeptide to convert any inaccessible 
faiBst epitope to accessible target epitope; 
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next contacOng the polypeptide with a detection agent that binds selectively to 
target epitope that was converted from fnaoce^ible target epitope to 
accessible target epitope, wherein binding between detection agent and 
converted target epitope indicates that prior to conversion the candidate 
polypeptide was in a confomiatlon In which the target epHope was 
Inacoessble and wherein lack of binding b^nvMn the detection agent and ttie 
taiget epitope indicates that ttie polypepfide was in a confonnaBon In whtdi 
file target epitope was Inaccessible, thereby Indicating whether the 
polypepfide was in a wUdtype conformation or a non-wildtype coitfonnafion. 

The Invention also Includes a method of detecUng whether a candidate 
polypeptide including a target epitope Is Ui a wildtypa conformation or a non- 
wildtype conformafion, comprising: 

conta^ng the polypi^iOde with a protecting agent that selec&vely bloclcs 
aoceselble target epitope, wherein in the wildtype conformation, the target 
epitope is accessible and reacts with the protecting agent and wherein in 
the non-wildtype confonrtatlon, the target epitope is Inacoessible and does 
not react with the protecting agent; 

removing loireacted protecting agent from contain vrith ttie polypepSde; 

next modlf)^ tfie candidate polypeptide to convert any Inaccessible 
target epitope to acoessibie target epitope; 

next contacting the polypeptide with a detection agent that binds 
selectively to target epitope ttiat was converted «rom Inacoessible target 
epitope to accessible target epitope^ wher»n binding between detection 
agent and converted target epitope Indicates that tlie candidate 
polypeptide was in a norhwildtype conformation and wherein lack of 
binding bebveen the detection agent and the target epitope Indicates that 
the polypeptide was in a wildtype conformation. 
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TTie Invention also Includes a method of detocflng whether a candidate 
polypeptide including a target epitope Is In a wild^e confoTmation or a non- 
wldtype confonmation, comprising: 

contacting the polypeptide wHh a proteoBng agent that selectively blodcs 
aooesstt>Ie tatget epitope, wherein in the non^dfype oonlbmiaBon. the 
target epitope is accessible and reacts wrth the protecting agent, and 
wher^n in ihe wildtype conformation, the taiget epitope ielnaccessible 
and does not react with the proteciing agent; 

n^movlng unreact^ protecting agent frcmi contact wKh the polypeptide; 

next modilying the candidate polypeptide to conv^ any Inaccessible 
target efdtope to accessible target epitope; 

next contaciing the polypeptide with a detection agent that binds selectively to 
target epitope that was converted from inaccessible target epitope to 
accessible target epitope, wherein binding between detection agent and 
converted target epitope indicates that the candidate polypeptide was in a 
wildtype conformatlbn and wherein fade of binding between the detecfion 
agent and the target epitope indicates that the pcdypeptlde was in a non- 
wlidtype conformatiDn. 

In one eseampla, the candidate po^eptlde comprises prion protein, the wild i^e 
fbided co nfo m i a fi on com|nises the oonformatlon of vrild type folded prion protein 
and the mlsfolded conformation comprises the conformation of PrP^^ 
Altematlvely, the wild type fbided protein comprises the confbnnaBon of APP or 
its cleavage product am^old beta, and the mlafolded conformation comprises the 
conformation of Aizhenmer's disease APP or Hs cleavage product amyloid beta« 
The blocking agent Is optionally peroxynitrite« hydrogen penoxide, diethyl 
pyrocarbonate, 4-hvdroxynonenal (4HNE) or diazedne. In the methods, the 
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poIypepMe Is optlonalty modffled by denaturing the poiypepQde. for example with 
heat, detergent and/or or chaotropic agents. The polypeptide is optionally 
modified by treatment with a disaggregation agent to disaggregate the 
polypeptide from other polypeptides of the same type, and from otter molecules. 
Wherein the disaggregation agent is optionally selected from at least one of the 
group consisting of guanldine. detergent and heat The detection agent 
an amyloid haa"&pifopS -T«^^ ?P*»pe or 

prion antibodies 6144 and 3F4. and ttie anQ-amyloid beta antibodies 8E10 and 
4G8 The misfolded conftvmaUon Is typif^Oy rndiceltlve of a disease or dteorder 
caused by protein misfbiding, such as BSE, CJO or Alzheimer's disease, in the 
methods, the epitope Is In many oases Inaocesslble in the misfolded 
confbmiatlon because I) the differential misfbiding of the polypeptide compared to 
the wild type folded polypeptide prevente or reduces reaction between the 
blocking agent and the target epitope, IH) the polypeptide In the misfolded 
confbnnalion aggregates with teelf or other polypeptides In ttie misfolded 
confbrnmfion to prevent or reduce reacfion between the protecting/blocking agent 
and the target epitope, and/or IB) post transiatlonai modlflcaHons of the polyeptide 
prevent or reducse reactions between the blocking agent and the target epitope. 
The metliode of the invention are preferably used with mammals, such as 
humans. 

Other fbatures and advantages of the present invenflon will become apparent 
from the Ibilowing detaUed desorfption. It should be umlerstood, however, thai the 
detailed description and the specifio examples while indicating preferred 
embodiments of the Invention are given by way of niusteation only, since various 
changes and modifications witiiln the spirit and scope of tite Invention will 
become apparent to tfiose sidlied in the art from ttiis detailed descriptton. 

BmgP PESCR iPTiOM OF THE DRAWINGS 

Embodiments of the Invention are described in relation to the drawings in which: 
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Fig. 1. Brain PrP aggregated in vHio by acid ttmatment is profeeted from 
modifiositlpn liy poitneyniblte 

Mods or acid treated human brain homogenate was treated Witfi Increastag 
concentrations of peroxynHrlte (ONOO) and then aubjecjed to mtmunobtatHng 
wtth 3F4 (panel A ) or 8H4 (panel B). Effect of peroxynttrit© on the 3F4 (C) and 
e»4 (P) ^^pa In rtttick (a) and add treated (•) brain homogerate. 
Immunoblot films were aoanned and band Memoes determined by UnscanSt 
soflwwe. The lasuHs are the comtnnedrelafiveintenaHiea of 3 separate 

experiments. 

Fig. 2. PrP in scrapie Infected liamsler brain is protteded ftwn modification 
byperoxynltriia 

(A) Effect of paoKynitdta treabnent on the 6144 epitope in sorapte Inffected 
hamster brain. (B) The blot In <A) was acannsd and relallva band Intensities 
dstennlnsd using Unseanit software. (•) Scrapie Infisc^ hamster Imin. (d) 
Norniai hamster brain. 

Fig. 3 Protection tkom percavnltrite induced modificalion is due to 
aggrega:don in acid treated brain 

(A) Effect of peroxynftrite on ttie Immunopredlpitation (IP) of PrP in ntock and 
add treated brain homogenate. Brain homogenate was treated with 10 oM 
peroxynitrfls fbllowad by InoubaHon for 2 h al RT with (+) or without (-) 2,6 M 
guanldlne hydrochloride (Gu). The resulting samples were Immunopredpltatsd 
with eH4 or 3F4. More PrP is predpttaled In the acid treated sample foHowing 
treatm^t with peroxynHrlte + C3u whereas In the mock sample. Gu has no effert. 
This suggests that Gu Is able to break up aggregated PrP In the add sample that 
is protected from destnicbon by peroJ^nltrlte. (B) EfSect of peroxyhttrite on PrP In 
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mock and add treated brain hmnogenate as measured by ELISA. Brain 
homogenate was treated with Increasing concentrations of peroxynitrfte followed 
by 2.5 M Qu, Following a 10-fold dUution, the samples were analyzed by 
sandwich EUSA with 6H4 as the capture Ab and 3F4 as the detection Ab. 
Similar to the fmmunoblot and IP date, the results suggest that misfolded PrP Is 
protected from destruction by peroxynttrlte treatment, possibly due to 
aggregation. 

Rgp 4 OetecHon of aggtegated amyloid beta (Abela) using EPA 
The eeiO epitope In the Abeta legion of APP is less accessible to peroxynltrite 
modcficatlon In Alzheimer's disease braiin compared to nomnal brain (panel A), 
and In brain homogenates that have been treated at low pH to induce protein 
aggregation {panel B). Abeta 1-42 peptide aggregated In vitro shows prominent 
epitope protection of the 8E10 epitope to peroxynltrite modiflcafion. In 
oomparteon with soluble non-s^r^ated Abeta 1-42 (panel C). 

t^BTAlLEP DESCRIPTIQN OF THE IMVENTnON 

The cun'enl Invention provides a useful method fbr ttie detecHon of a disease 
related polypeptide counterpart of Q-HFion»al-ce"jilar. polypeptide which forms 
aggregates or otherorfse leads to the obscurafcn- of-one or more epitopes that 
are not obscured in ttie nomnal polypeptide. In one embodftnent, the rhethod of 
the Invention is applied to the dotecHon of PrP^^ In plasma, senim, urine or other 
biological sample. 

''Epitope" refers to a portion of an antigen whic^ Is recognized by and bound by 
an antibody. Preferably, the epitope Is a linear epitope on a polypeptide which 
typically includes 3 to 10 or 6 to 10 or more contiguous amino adds that are 
recognized and bound by an antibody. A oorrfbrnnattonal epitope includes non- 
contiguous amino acida..JSQrn^ni^i^.nl^rnajBonal epitopee can re^tabfteh 
ttiemselves after denaturation by partial refolding on, e.g. an immunoblot 
membrane. The antibody recognizes the a^iimenslonal structure. When a 
protein molecule is folded Mto a three dimensional structure the amino acids 
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tefming tha epftqpe are posifloned In a mannar ^ peimliB fha antOwdy to 
rect^nize and bind to the amino adds. In an unfolded (denatured) protein only 
the Enear epitope Is recognized and bound by the antibody. Since the proton is 
unfolded prior to contact wlOi the detetdion agent, the inaecesi^ble epRope wUI 
^icaily be a linear epitope. 

"Protecting agenT or "blocking agent" refere to an agent that eovalently 
modifies and destroys epHope reactivity, for example on an amino add side 

agent is peroxynltrtte. Other examples would, indude iiydrogen peroxide, diethyl 
pyrocaifaonate, 4-hydroxynonenal (4HNE) and diazerine,. Chemical modifying 
agents that completely saturate accessible amino adds critical for epitope 
recogniiion in native conditions are most useful in the appllcaijons of epitope 
protection technology- 

■Accessible epitope* Is target epitope that is available to react with other 
compounds (eg. protaoBng agenQ In methods of the Invention. For example, 
epitope that is avalable to read vnth protec«ng agent Is accessible epitope. After 
reacting with protecting agent, the accessible ^itope Is prevented firom binding 
to detaction agent (after this reacting step, the reacted epitope may be referred to 
as protected epitope or bIod«ed epitope). 

"inaeembie epitope" means that taig^ ^Itope modification by the chemical 
bloddng agent is prevented or slgnlBcantly reduced {e.g. reduced by at least 
S0%, 76%. 80%, or 95%). for exampla. by differential mlsfolding relative to the 
wild type polypeptide, by aggregation of mlsfoided po^eptlde or by post- 
transiatlonal modifications of ttie polypeptide. In some cases, inaccessible 
epitope is converted to accessible epitope by removing the hindrance (e.g. 
mlsfolding or aggregation) that prevents or signMcanBy reduces target epitope 
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tnocHfteation by the blocking agent The inaocessibie epitope that is converted to 
accessible epitope may also be called "ravealeci epitope^. 

"Deteoflon agent* refers to an agent that binds to epitope and whidi may be 
detaded, such an antibody speciflc for prion, polypeptide epitopes that can be 
used to probe the sample containing the polypepflde. The detection agent is 
used after the po^peplide Is unfolded such that the detecfion agent only has the 
opportunlfy to Und to unblocked, unmodiffled epitopes. 

"Wildtype folded conformation" refers to the wUd type, folded confomiation of 
prcteln in a non-disease or non-disorder state. 

*'MlsfiDlded confioimation" i^rs to the folded confomiailon of polypepfide In a 
disease or disorder state where the confbrmaQon differs ftom the wild type 
confonnation. The diflerenoe In confonmation is as a result of differential folding. 
The diflsrsntiai folding may cause protein aggregattcm. 

"Wildtype conformaflon" refers to the wild type conformation of protein in a non- 
disease or nonhdlsorder state. 

"Won-wiidfype confbrmaUon*' refers to the conformation of polypeptide in a 
disease or disorder state where the conformation differs from the wild type 
conformation. The difference In conformation may lie as a result of differential 
folding, polypeptide aggregation or differential posVtranslational modrflcation 
compared to the wild type polypeptide* In the case of polypeptide aggregation, 
ttie aggregaflon may prevent accesslbf iity of the epitope rather tiian the changed 
oonfonTiation. 

The present Inventors have found that treatment of recombinant mouse prion 
polypeptide (rmPrP) at low pH in the presence of low concentrations of 
denaturants causes the polypeptide to acquire increased beta-sheet content, 
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femlniscent of the mislbkted dte^e^ssodated prion po^fpeptide Isotorm, PrF^^ 
This converdlon of rmPrP is associated with increased solvent accesslbintytif-- 
tyrosine side chains \ The inventors have found that traatment of normal brain 
homogenate with acid and denaturants causes PrP to become detergent 
insoluble ^. In order to probe the surface a^^esslbilily of tyrosines and other 
residues in nomnal and misfolded PrP^. nonnal and acid-mlsfokled human brain 
tissue was treated with the chemical nitraHng compound peroxynltrfte. 
Peroxynitrite treatment of brain fissue ^used a reduction in the binding of the 
anti-PrP antibodies 3F4 and dH4 as measured by immunoblotting, 
Immunopreclpitafion and EUSA. Peroxynltrite-indueed epitope blocldng was 
more pronounced on normal brain PrP than on mlsfblded PrP, suggesting a 
protective effect of aggregation. Similar findings were observed In normal and 
scraple-infected hamster brain, in which 3F4 and 6H4 epitopes of scrapie brain 

|?rt?,„wef^^J?^aUV. Brot^«i..?EOJU .peroxynitrite-mduced rnodlfi^^^^^^ 

antibodies suggests that either PrP is nitrated on tyrosine residues or anottier 
polypeptide In proximity to PrP Is nitrated and coImmunopredpHates PrP. 

The Invention Includes a method of determining polypeptide aggregation. 
Including but not limited to P^P^^ comprising: 

reacting said sample with a chemical modifying agent where such agent 

could be» but not Unrrited to, peroixyrUtdle 

disaggr^ating and denaturing the ^emlcaily modlfled sample mth heat, 
deteigenti or cAaotropio agents 

probing wifli antibodies specdfia for prion polypeptide epitopes. 
Idenfiiying prion converalon Inhibitors 

Sinca ttie invention Is usefUi for detecting dlfTerences between polypeptides, the 
invention further Includes an assay tor evaluating whether a candidate compound 
Is capable of inhibiting or stabilizing prion conversion or formation of other 
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disease or disorder polypeptides, such as amyloid tJteta and APP In Alzhelmai's 
disease. The Invention also Includes compounds for mWblBng or stabilizing prion 
conversion (or conversion of other disease or disorder polypeptides) Wentlfied by 
the methods described in the appHcatlon. Decreased protein conversion to an 
inlemiediate prion protein substrate or PrP^* (or other disease or disorder 
polypeptides indtoates that the oandldate compound is useful for treating prion 



The assays of the Invention may be used to screen candidate compounds to 
detennine If they inhlbtt PrP*» formattoft (or fenmatlon of other disease or disorder 
polypeptides ftom wild type protein). Protein may be contacted with a candidate 
compound in vivo or In vitro and then used in the methods of the Invention to 
detemiine if wild type protein has been converted to PrP^* or if PrP^" has been 
converted to wild type protein. Similar methods are used with respect to other 
disease or disorder potypepUdes. 

Therelbre. the Invenfion also provides methods fbr Identliying substances that 
inhibit conversion to PrP** (e.g. prion protein conversion from wild type protein or 
intennedlate to PfP^ comprising the steps oft 

(a) reacting a polypeptide and a candidate substance, and 

(b) detemiining whether the protein has been converted to PrP^ u^ng the 

methods of the invention. 

Similar methods may also be performed to Identity compounds which 
stabilize the wild-type prion stats, or bind to PrP^' and Wock conversion of 
recrullabte PrP {soforms. 

The Invention also provides methods for Identtlying substances that Inhibit 
conversion to disease or disorder polypeptides (e.g. conversion from wild type 
protein to the amyloid beta or APP protein In Alzheimer^ disease) comprising the 
steps of. 

(a) reacting a polypeptide and a candidate substance, and 



18 



en 02437999 2003-08-21 



(b) determining whether the protein lias been converted to the amylofd 
beta or APP pn>tKn in Ablieimer'e disease using the methods of the invention. 

Another aspect of the Invention provides a method of identifying 
eubstences which reverse PrP^fbrnnafion comprising the steps oft 

(a) reacting a polypeptide and a candidate substance, and 

(b> detennining whether fte PrP^^ has been converted to wild type protein 
using the mettiocte of the invention. 

Anomer aspect of the Invention provides a method of identllylng substances 
which reverse amyloid beta or APP protein In Alzhelrr^r's disease fomiation 
oomprising the steps oft 

(a) reacting a polypepflde and a candidate substance, and 

(b) determining whether the amyloid beta or APP protein In Ateheimer'd 
disease has been convarted to wild type protein using the methods of the 
Invention. 

The same methods are used wiUi other polypeptides assodated vwlh 
diseases and disorders described in this application. 

Biological samples and commercial^ available libraries may be tested for 
substances such as proteins or small oTgante molecules .that bind to a protein. 
Inhibitors are preferably directed towards spedfic domabis of prion protein. To 
achieve specificity, Inhibitors should target the unique sequences and or 
confonnational features of prion protein. 

Prion protein conversion, Alzh^mer^ dlsgaaewtated-ffolYP^ptltjc pr ether 
dlseaseWisorder polypeptide m av be periodically monitored In a subject over time 
(eg. at a first time and a second fime at le^ a week or at least a month after the 
first time) to identify, for example, increased or decreased levels of PrP^ or 
Increased or deciaased levels of PrP®** In the subject The methods of fte 
Invention are also useful to measure a subject's level of PrP^ or PrP^" to 
determine the subjecfs response to drug therapy. Decreasing levels of prion 
protein in the subject over time Indicate a positive response to drug titerapy. The 
same methods are used with other disease or disorder protein. 
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Sihce many neurological diseases are assodated with aggregated proteins, similar 
diagnostic methods are uaeRil for these diseases and their aggregated proteins. 
Including, but not limited to: amyotrophic lateral sBlerDsis.(superoi>*te dtemutaae 
1), Aldtdmar's disease (amylOld beta), Partdnson^ tSsease (a^a ^udein). 
HunHngtorfe diaease (hurtHngtin). and oBiers dteeaaes mvofcrtng abnoimal protein 
folding, aggregation or posMranslalional modWoatlon. Such a test Is usefUI In the 
spinal fluid and other bodily fluids in addilion to peripheral blood. In Alzheimer' s 
disease, the aggregation status of the amyloid beta peptide is optionaUy 
monitored by detemUning the accessibility of two epitopes detected by the 
monoclonal antibodies 8E10 and 4G8, In addition to other amytoid bete _ 
epitopes, using the methods described In this appBcafion wffli an antl^ElO or 
anMOS antibody (iteteetton agent) known In tite ait 

AD such assays could bs adapted and optimised to a simple Iiigh4iraughput 
platform. 
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Example 1 

PenacyniMte naels tmerenUy vrith PrP in noimsd and acftf treated or 
scrapie brain homog&tata 

When brain homagenais la Incubated at pH 3.5 In the piesencd of guankline, PIP 
becomes detaigent Icieolubte and is more stneepUble to nnisfolding to a PK- 
reeisfant laofbrm In the presence of PrP*" (5). This add treated PrP Is a -model 
prion' wrttich is partially mlsfotded and/or aggr^ated resembling characteristics of 
PrP^. When mock (a) and add treated (•) laaln homogenete is incubated wWi 
increasing conoentrertions of peroxynltrate and then subjected to ImmumrialotHng. 
there Is less PrP recognized by both 3F4 (Figure 1A and C) and 6H4 (Figure IB 
and D) in mode treated biain homogenate than In add treated brain homogenate. 
The PiP Inihe »;ld treated brain bomc^enata Is protected from modification by 
percK^ltrafB. 

Example 2 

PrP In scrapie infisoled hamster bnAn le protected from modification by 
penM^nltrite 

The epitope proiecfion phenomenon for 'model prions' as obsewed in esfflmple 1 
was also observed for authentic disease-mfefolded prion protein In scrapie 
infected hamster biain (Figure 2A and B). As with model prions, the 3F4 and 
6H4 epitopes of l»rP in Ha* brain homogenate are protected Urorn modfflcafion 
by peroxyititrite. It Is deartiiat 'model prions' and haPrP** share charaetertsHca 
that provide protection iirom chemical modification by peroxynltritB, sudi as 
difrerentlal mislblding or aggregaflon. 

Emmple 3 

Is aggnga^on responsible for the reduaUoti In p&-oxytttti1to4aaueed 
^ritope fnotUffeattM ofn^Mded PrP? 
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To show that epitope protection of aad treated and scrapie brain was due to 
aggregation, samples were treated with peroxynttrite and then Incubated witfi or 
wimout guanidine before immunoprecipHafion. Treatment of the samples with 
guanicHne dissodates aggregates of PrP (6-8) that protect th© polypeptide from 
modification by peroxynIlril©p Incubation of mock treated brain with 2.5 M 
guanidine alter peroxynitrite treatment did not show an Increase In 3F4 end 
epitopes as revealed by immunopredpltaUon (Figure SA lanes 1-4). However, 
when perc»vnitrfte-treated acid brain homogenate was Incubated with guanidine. 
there was an increase In PrP that could be detected by Immuncvrecipltation with 
3F4 and 6H4 immunobeads (Figute 3A lanes 5-8). This shows that guanidine fe 
able dissociate aggregates of acid treated brain homogenate and release PrP 
that te protectsed from modification by peK^Ofnitrtte. Other means of solubillzing 
PrP aggregates were uaed and boinng samples in SDS loading hvSter resultal In 
the greats otiserved sdublHzaQon to date. 

Example 4 

Optimization of EPA parameters 

Titration experiments with peroxynitrite, hydrogen peroxide and methylena 
(based on UV light photolysis of the precursor diazirine) or other modifying 
agents, idenlify the opttnal eondWons for epitope protection In: 

1. Nornial hamster and human brain "model prions", using immunoblotting and 
convenfaonal fluorescence EUSA, conducted at BSL1 (low level containment); 
analysts anu uimu loow**^^ — .».».^««t-^.j«»r~uTOWoHi«a.. 
containment). 

In each case, brain homogenates are prepared and mixed with Increasing 
concentrations of the modifying agent and prooessed as described 
CimmunoblotHng, and time resolved fluorescence). This defines the type and 
concentration of chemical agent allowing the maximal dlstinc^on between 
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monomerte and aggregated prion proteins. Addmonal Informative control 
^(periinents Include using recombinant hamster PrP^ In buffer and in PrP 
knockout mouse brain, and by mouse normal end scraple-lnfected brain (murine 
PrP is 8H4+ and 3F4-). Methylene is a useful modifying agent for epitope 
protection of prions, due to Hs more uniform end complete chemical modlfk^on 
of manyepitopee. 

In some eases, Infeoflous prions may have different properties for chemical 
modifieation than do "model prions," and brain prions may display dffferent 
chemical modification properties than do endogenous prions circulating In blood, 
or PrP^ detectable In urine of inflscted animals. One of sldll In Ihe art shall 
readily Identify the optimal conditions tor authentic endogenous prions using 
known techniques. 

Examples 

EPA adapted to a fluorescent fiUSA ayetam 

The epitope protection assay for aggregated PrP was adapted to a fluorescent 
sandwich ELI8A s^^m using 6H4 as the capture antibody and 3F4 as the 
detection antibody (Figure SB). The sandwich EUSA assay system Is ^le to 
identify aggregated PrP In add treated brain homogenata but only If the samples 
are boiled in SDS loading buffer after paroxynltrite treatment At peroxynitrRe 
concentrations greater than 8 mM. tiiere is 2L5-3x as mudi PrP detected in the 
acid trsaled sample as compared to the mock treated sample. 

Example 6 

l3etectIon of a single brain prions 

Detection of single brain prions has been estimated to comprise 1O"-10^ 
molecules of PrP^*^ Detection of 10®-10^ molecules of recombinant PrP using 
conventtonal fluorescence ELiSA has been accomplished. We use an assay 
about 1000-fold more sensitive for singie-prion detection - the necessary 
sensitivity Is provided by the Dissociation enhanced lanthanide 
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fltKHOimmunoessay (DELFIA). DELFIA uses a chelated lanthanlde-labeled tracer, 
such as europium (Eu) and time-rssolved fluorescende (TRF) to measure output 
signal. The berefit of lanthanide chelates is that their fluorescence duration Is 
200,000 times longer than conventional fluorophors, allowing signal c^lure ater 
non-speoffio Interfering fluorescence has laded (particularly critical fer biological 
samples. vAiich may possess considereble non-epeoflc fluorescence). DELFIAr 
based systems can measure as little as 100 flmolAwell of Eu which Is >1000 times 
more sensitive than conventional EUSA assays^ which detects single prions by 
EPA. The optimal TRF 96-well plate reader for the DELFIA system Is 
manufectured by Walla&Victor {Pertdn-Elmer), and is used to automate sample 
analysis. 

Using an optimal chemical modifier and optimal condfttens a senelfiv© capture 
9S-weO plate assay tor detecfidn off hanrmter and human prions, udng the DELFIA 
TRF system is provided. This is used to: 

1, CharacrterisMi. optimize and quantl^ detection of recombinant prion protein by 
TRF; 

2. Detennine the sensitivity of the DELFIA-TRF for hamster and human brain 
prions. 

Example 7 

Detection of Prion Proteins in biological fluids 

The EPA achieves commercial utility by detecting PrP^'' in biological tissues and 
fluids for which no present technology exists. Blood prions are in very low 
abundance (10-100 prlons/mL by bloassay. and proteese-ieslslant PrP In urine is 
only intermfttently/sporadlcaily detectable by precipitation of langa fluid volumes. 
Alsot any prospective blood test must contend with high conoentrafions of PrP^ 
(10®-fold more than PrP^ and "blocking' by heterologous pissma proteins. 
Using the opfimized chemical modification regimen and the DELFIA-TRF system, 
the sensitivity thresholds for EPA in blood and urine are detemnlned using: 
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1 . Hemster and human plasma and wrine "spiked" with a Ittralton of 263K hamster 
prions; 

2, Plasma and urine from Syrian hamsters ""endogenously" infected vdth 263K 
prion diseasa 

Blologteal fluids olinicaHy accessble by non4nva^ve routes provide a substrate 
tor a piacfical antomortem test for diagnosis end screening of prion infection in 
humans and animals. The methods of this invention may also be used In post- 
mortem testing. One of skill In the art readily detenninBS whether EPA with "prion 
sjSktf titiafion In normal blood and urine reveals similar DELFlArTRF signals to 

•bloddna factors'* in these biological fluids. Interesbngly. preterentia -oio^mg- A 
PrP®° by heterologous proteins may actually enhance epitope protection to 
chemical modifying agents. If decreased detection of prions in blood or urine Is 
observed, pre-clearing strategies are readily employed to enhance PrP^ 
detection with detergents, precipitating agents, and adsorbente typically used In 
commeicial BJSA assays which are known to one skilled in the art. 

Human and bovine plasma and urine and other bodily fluids are tested using 
optimized EPA conditions and compared to samples from human variant CJD 
and BSE, respectively. Although the monoclonal antibody eH4 recognizes Prt=» 
ih>m aD relevant species, other antibodies (commeiciaily avail^te) are used for 
the DELFIA TKF system for catUe, sheep, and cenrids, whidi lack the 3F4 
epitope. Other antibodies and epitopes useful In methods described in this 
application wiH be leadiiy apparent to fliose of sfdil In the art 

Example 8 

Detection of aggregated amyloid beta (Abeta) using EPA 

Amyloid bete peptide (Abeta) is a nomnal cleavage product of the proteolytlo 

processing of amyloid precursor protein (APP). Abeta accumulates in disi^ate 
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plaques in affected regiora of Atehebner's disease brain, and triggers neuronal 
death and gnosis ok^sen^ed In this disease. Plaque Abeta Is aggregated and rich 
In beta-eheet structure. In contrast to the Abeta region of APP expressed by 
normal cefis. Using epitope protection technology, we demonstrated that the 
6E10 epitope In the Abeta region of APP is less accessible to peroxynrtrite 

been treated at low pH to induce protein aggregation (panel B). Abeta 1-42 
peptide aggiegated by overnight Incubation at 1 mg/ml In water shows prominent 
epitope protection of the 8E10 epitope to peroxynltrtte modification, in 
comparison vrith soluble non-aggr^aied Abeta 1-42 (panel C), The senslfive and 
specific EPA detection of aggregated Abeta in biological fluids (such as blood 
and splnrf fluid), or protection of Abeta epitopes in APP in cells and tissues, 
provides an antemortem diagnostic test for Alzheimer's dlses^. The mettiods of 
the invention described in this appllcaHon are used for this diagnostic test 

Materials and lUethode 
lUlaterlals 

Recombinant hamster PrP (rhaPrP) and eH4 was from Prionics. Recombinant 
human PrP (rhuPrP) was from Roboscreen. Biotin-3F4 and 3F4 were from 
Signet 3F4 reacts against MKHV and 6H4 reacts against DYEDRYYRE- 6E10 
anB-Abeta (firom Signet) reacts against EIT? HDS (residues 3-8). 
Preparation of Acld-mlsfbldeci PrP and APP. 

Add mistolded PrP was used as "model prfons" In this study and was pwepared 
as In (5). Briefly, 100 \i\ of 10% brain homogenate was mixed with an equal 
volume of 3^0 M GdnHCl (final concentration 1-5 M) in PBS at pH 7.4 or pH 3.5 
adjusted with 1 N HCI» followed by rotation at room temperature. After 5 h 
incubation, samples were methanol precipitated with 5 volumes of ice-cold 
methanol and pellets were resuspended In 100 |il of lysis buffier. The samples 
treated at pH 7.4 were designated as moek-trsated samples. 
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Peroxynlfrite treatment of Brain Homogenates 

An aliquot (IBmO of noimal or mlsfolded/dteeased brain homogenate was 
vorte<ed while 2 pi of peroxynitrlte fn lOOmM NaOH/eo wM HaO^ was added to 
give a final peroxynllrite concentration of 0-15 mM. After vortexing for a further 
15 s. tho samples were subjected to Western blotQng, immunopredpitafion or 
sandwidi EU8A. 
Western BIotBng 

Samples were boHed In 3DS loading buffer (62 mM Tris (pH 6.8), 10% glycerQl, 
2% SDS, 5% beta-meroaptoethanol and 0.01% bromphenol blue) for 6 min, and 
separated on 12% Trts-GIycine poiyaoryiamide gels followed by transfer to 
Hybond-P. PrP was detected using 3F4 (1:50000) 6H4 (1:10000) or 6E10 
(1:1000) as the prfrnary antibodies and HRP-oonjugated goat antMnouee 
(1:10000) as the secondary antibody followed by exposure to ECL-Plus and 
visualizaflon by exposure to Kodak X-OMAT film. Band intensities were 
quanlflBted using UnScan-IT soRwaie. 
Iimnunoprecipitation 

samples were incubated with 50 |il of Ab-conjugated (lOOpg/ml) Dynal M-2ao 
magnetic beads in a final volume of 1 ml binding buffer (3 % NP-40; 3% Tween- 
20) for 3 h at room temperature wBh rotaHon. Beads were washed \n wash buffer 
(2% NP-40: 2% Tween'20) x3 and boiled In 30 pi SDS loading buffer without 
beta-meroaptoelhanoi for 5 min. Supernatants were analyzed by Western 
blotOng as described dbove. 
Sandwich ELISA 

The capture antibody (6H4; 1:5000 in 50 mM bicarbonate binding buffer, pH 9.6) 
Vii&B bound to an opaque 96-weU plate (Nunc Ma)dsorp) by overnight Incubation 
at 4 «C, After blocking with 1 % BSA in 0.05% TBST lor 2 h, plates were washed 
3x In TBST and Incubated overnight at 4®C with standard concentrations of 
rhuPrP or iHaPrP along with unknown br^ homogenates. Plates were washed 
3x and incubated with the detecting antibody biotin-3F4 (1:5000) at RT for ih. 
After wasljing 3x, avidln-HRP (1:5000) was added and Incubated Ibr 30 min. at 
RT. Following a final wash step (xS) the plate was developed with Quantablu 
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lluoiescent substrate for 10-90 iriln at RT and fluorescent Intensttiea detemilned 
with an excitation of 32Snm and emission 01420 nm. 

mile the present invention has been described with reference to what are 
presently consMerad to be the prnfeoed examples, it is to be understood that the 
invention Is not limited to the disclosed examples. To the contrary, the Invention 
Is Intended to cover various modifications and equivalent anangements Included 
within the spirit and scope of the appended claims. 

All publications, patents and patent appOcations. including Canadian application 
no. <to be assigned) and US application no. (to be assigned) entltted Methods of 
Detecting Prion Piotein (Cashman & Lehto). filed on August 20, 2003 ara herein 
incoiporated by reference In their entirety to the same extent as If each individual 
pubHoatlon. patent or patent appBoalion was speoificaliy and individually Indicated 
to be {ncorporaiad Isy reference in its enOrety. 
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l|WBeLAlM 

1 . A method of detecting whether a candidate polypeptide Indudins a laiget 
epitope Is in a wfldiype folded confonmation or a misfolded oonfbnnation, 
comprising: 

contacting the polypeptide with a protBcHng agent that seleeflvaly blocks 
accessible taiget epitope, when^n In the vriidtype folded oonlbnnatiQn, the 
taig^ er^pe is aeces^ble and rsaots with the protecting agent, and 
whei^n m Una misfolded confonmation, tiie taiget epitope is inacceesble 
and does not react writti the protecting agent; 

removing unreacted protecHng agent from contact with the polyp^de; 

next modH^ the candidate po^eptide to convert any inaccessaito 
target epitope to accessbls target epitope: 

next oontacUng the polypeptide with a detection agent that binds 
selectively to target epitope that was converted from Inaccessible target 
epitope to accessible target epitope, wherein binding between detection 
agent and converted t^iget epitope incflcales ftatthe candidate 
polypei^e was in a misfolded confonmaSon and wharain fade or binding 
between the deteCBon agent and the target epitope IniSoates that the 
p<^epfide was in a vAd type folded conformation. 

2. The method of claim 1, wherein fte candidate polypeptide comprises prion 
protein, the wild type folded conformation coBH»ri6e8 tte confomiatfon of wild 
type folded prion protein and the misfolded confonmation comprises the 
confonnaSon of PrP*. 

* 
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3. The method of daim 1 or 2. wharein the blocking agent Is selected from the 
group consisting of peroxynitrite. hydrogen peroxide, diethyl pyrocaitoonate. 4- 
hydrwynonenal (4HNE) and diazirine. 

A. The method of dafms 1-3, wherein the polypeptide is modified by denaturing 
the polypeptide. 

6- The method of daime 1^. wherein the poiypeplide is denatured by heal andfor 
deleigenL 

6. The method of claims 1-5, wherein «ie polypeptide Is modified by treatment 
with a disaggregation agent to disaggregate the polypeptide from other 
polyeptides. 

7. The method of claims 1-8, wherein the disaggregation agent is selected from 
at least one of the group conslsHng of guanldlnB, detergent and heat 

3. The method of claims 1-7. wherein the detscHon agent oompiises an antibody 
directed against a prion polypeptide epBope or an amyloid beta epHope- 

9. The method of claims 1-8. wherein the antibody compifces 6H4 or 3F4 . 

10. The method of dabtis 1-9. wherein the misftolded confbmiaBon is IndlcaBve of 
a dfeeese caused by pratein mlstoldlng. 

11. The method of claims 1-10. wherein the disease comprises BSE. CJD or 
Atzheitnef^ ifisease; 

12. The method of any one of datois 1 to 11. wherein the eprtope Is Inaccessible 
in the misfblded conformation because i) the differential misfoWing of the 
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potypepMa compared to the wHd type foWed polypeptide prevents or reduces 
leaction between the WoeWng agerrt and the epRope. Ki) the polypeptide in the 
mfefbkied confermation aggregates with other polypeptides in the misfolded 
conformation to prevent or reduce reaction beh«een the Wocklnfl agent and the 
epitope, and/or liO post translational modifications of the polypeptide prevent or 
leduce reactions betwreen the bloddng agent and the epHope. 
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